ABSTRACT
INTRODUCTION
Non-cirrhotic portal fibrosis (NCPF) and extra-hepatic portal vein obstruction (EHPVO) are very common in developing countries and almost always present only with characteristic features of portal hypertension. Non-cirrhotic portal fibrosis (NCPF), the equivalent of idiopathic portal hypertension in Japan and hepatoportal sclerosis in the United States of America, is a common cause of portal hypertension in India and accounts for 15-40% (8, 21, 37) . Its etiopathogenesis is still obscure, as patients present late when bleeding has already occurred from the varices. The disease is common in the lower or lowermiddle socio-economic strata of society. Improved hygienic standards of living could explain the relative rarity of the disease in the West and declining incidence in Japan.
EXPERIMENTAL MODEL OF PORTAL HYPERTENSION
The inability to solve the enigma of portal hypertension shoots essentially from not being able to produce the disease experimentally in animals. Animal models, mimicking the human situation, have helped us in exploring the pathophysiology of portal hypertension as ethical considerations limit experimental procedures in humans. The use of animal models as an alternative source has allowed researchers to investigate the state of disease in ways which is inaccessible in a human patient. According to the Animal Care guidelines high-degree resemblance to human condition, high reproducibility and homogeneity and a low mortality, are the basic criteria for animal model of portal hypertension (Table1).
MODELS OF INTRAHEPATIC
PORTAL HYPERTENSION Several models of intrahepatic portal hypertension in animals have been developed.. The most common are models of cirrhosis from any causes, secondary biliary cirrhosis, idiopathic portal hypertension and schistosomiasis. Whether the laboratory has the expertise, manpower facilities, etc, to generated or hand the model. (38) produced a unique model of whole liver compression in dogs where whole of the liver was wrapped and compressed with a tense ligature of polypropylene mesh or gauze. Both the intrahepatic resistance and portal venous pressure were raised without development of hepatorenal collaterals for nine weeks after the surgery. Since this whole liver compression method requires no complicated surgical maneuver, the experimental animals survived well.
Cirrhosis
induced by carbontetrachloride (CCl 4 ): Currently, the carbon-tetrachloride (CCl 4 ) hepatotoxininduced model of cirrhosis, mimicking human non-biliary cirrhosis, is considered the 'gold standard' for cirrhosis (22) . However, it is associated with major drawbacks such as low reproducibility resulting from a mortality rate averaging 30% during induction, poor homogeneity and a rather low resemblance to human cirrhosis, as typical features of human cirrhosis, such as nuclear atypia, mitoses and nodular parenchymal regeneration, resulting in a more typical distorted architecture, are not so prominent. Additionally, inhalation with CCl 4 seems to be the sole way of achieving a high yield of cirrhosis, which might pose potential health hazards for its investigator (6, 7, 22) . Secondary billiary cirrhosis induced by bile duct ligation: Chronic cholestasis produces secondary biliary cirrhosis in animals as it does in man. The chronic bile duct-ligated rat model (CBDL) is commonly used model of PHT (6) . This surgically induced model of cirrhosis can be used after 3-5 weeks and is therefore less costly than a hepatotoxin-induced liver damage model (10) . There are, however, several disadvantages: high mortality (> 40%), haemodynamic instability owing to the toxic effect of the cholestasis on renal function, and higher susceptibility for sepsis owing to the absence of bile in the digestive tract, exaggerated dilatation of the extrahepatic bile duct causing extrinsic compression on portal vascular structures, and the fact that CBDL rats do not show elevated portal venous inflow when studied under pentobarbital anaesthesia (6 ; 22) .
Cirrhosis induced by hepatotoxin thioacetamide (TAA):
A potential alternative to these above-mentioned problems is the induction of cirrhosis in Non-Cirrhotic Portal Hypertension, Moattar R Rizvi the rat with the hepatotoxin thioacetamide (TAA), which is suggested to have more in common with human cirrhosis (1) . To date the problem with TAA has been the heterogeneous production of cirrhosis (varying from 3 to 7 months (28) ) when administered orally. To overcome these inconveniences, Li et al. (23) recently suggested an intoxication protocol over 12 weeks which adapts the dose of TAA in drinking water according to the weekly body weight, as originally described for intragastric administration of CCl 4 by Proctor (29) . W. Laleman in 2006 concluded that thioacetamide, adapt to weekly weight changes, leads to a homogenous, reproducible model of cirrhosis in the rat in 18 weeks, which is associated with all the typical characteristics of portal hypertension, including endothelial dysfunction (36) .
Periportal fibrosis:
Other cirrhosis or precirrhosis induced by alcohol have been described in the literature. It has been shown that portal hypertension develops in alcohol-fed baboons (24) . These baboons developed fatty liver and perivenular fibrosis. Cirrhosis and portal hypertension also developed in some monkeys with a diet for a period of 16 months lacking choline, low in protein (5%), and rich in cholesterol. In dogs it has been demonstrated that the repeated intraportal injection of a polyvinyl alcohol suspension over a 2-6 months period produces portal hypertension (2) .
MODELS OF EXTRAHEPATIC PORTAL HYPERTENSION:
Portal Vein Stenosis Model: The most common animal model of prehepatic portal hypertension currently used is partial portal vein ligation. This model has been developed in the rats (4, 5, 35) , mice (9, 14) and rabbits (3) .
Neuhof in 1912 first consummate the production of portal hypertension in animals by partial constriction of the portal vein. This study was carried out in dog with the degree of constriction of portal vein up to 50%. After a period of recovery, the portal vein was further stenosed to 25% of its original diameter and finally after 6 days the portal vein was completely ligated. Neuhof clearly described anastomoses between the hepatic and diaphragmatic vessels, the gastric and esophageal veins, and the portal system and vena cava in the postmortem report at 34 days. Splenomegaly was also present but the remaining portal tract appeared to be normal. Later, Reynell stenosed the portal vein in rats with a 50% mortality rate (30) . Most of the surviving rats had portal hypertension. Between 1973-75 it was shown that the diameter of the stenosis and the body weight or age of the rat were critical in determining survival (25) . Portal vein occlusion using microspheres: A new experimental animal model for portal hypertension was developed by an intraportal injection of DEAE-cross-linked dextran microspheres (100±25 microns in diameter) in the female Japanese white rabbit characterized by elevation in portal pressure and portal systemic collateral (Komeichi H, 1991) . Histology of the liver revealed portal obstruction by the injected microspheres in almost all portal triads, resulting in a foreign body granuloma. Since this model appears to show the two main conditions characteristic of portal hypertension, persistent elevation of portal pressure and both extra-and intrahepatic portal collaterals, mimicking those in humans, portal obstruction by injecting DEAEcross-linked dextran microspheres into the portal vein of the rabbit could provide a versatile model for portal hypertension.
MODELS OF PRESINUSOIDAL PORTAL HYPERTENSION:
The exact mechanism for the development of idiopathic portal hypertension has not been clarified but the pathomorphological changes caused by this syndrome have been widely studied in animals. These lesions have been attributed to intra- 
MODELS OF IDIOPATHIC PORTAL HYPERTENSION (IPH):
Prolonged sensitization with egg albumin: Okabayashi and Suzuki produced idiopathic portal hypertensive models in rabbits characterized by splenomegaly and portal hypertension. They emphasized chronic antigenic stimulation as being the cause of splenomegaly with prolonged intravenous administration of egg albumin. Later, the experiment was conducted on dogs as the rabbit could not tolerate more than three intraportal injections. However, they could not provide the mechanism whereby the spleen reacts to chronic antigenic stimulation. The histological changes that occurred in these animals were characterized by early portal inflammation immediately followed by portal fibrosis, aberrant vasculature and disappearance of portal venules and were very similar to those in human IPH.
Prolonged sensitization with nonpathogenic E. coli: In rabbits, killed nonpathogenic E. coli were administered intraportally. The animals that received an intraportal mixture of killed E. coli and rabbit antiserum (aggregated E. coli) developed histological changes in the liver and portal hypertension (19) . Early inflammatory reactions in the portal area and parenchyma were followed by the development of portal fibrosis. Three intraportal challenges with aggregated E. coli were enough to produce marked portal fibrosis, splenomegaly, and portal hypertension. In dogs, repeated intraportal injections of a mixture of killed nonpathogenic E. coli and dog anti-E. coli serum induced portal fibrosis and intrahepatic presinusoidal portal hypertension (33) . However, these investigators have used repeated cannulation of the portal vein which may itself cause damage to the portal vein intima, portal pyemia and altered hemodynamic and histological picture in the animal. Another limitation of the model is the use of E. coli and anti-E. coli aggregate, which is not only unphysiological, but also the large aggregate can block the hepatic sinusoid causing a situation akin to portal vein thrombosis.
Accordingly, alternative routes of introducing E. coli into the portal circulation have been proposed (17) .
Schistosomiasis japonica models:
Since schistosomiasis japonica and idiopathic portal hypertension share similar histological changes of the liver, Masayoshi K et al produced rabbit model by infecting with 200-300 Schistosoma cercariae percutaneously and subcutaneously. The angioarchitecture of chronic schistosomiasis japonica is characterized by narrowing, obstruction and obtuse angles of bifurcation of the peripheral portal veins and this disease is quite similar to IPH in both histological and angioarchitecture strongly suggest that portal change is the primary lesion of the hepatic disorder in IPH. However, splenomegaly invariably noted in IPH is not necessarily observed in chronic schistosomiasis japonica, suggesting that the portal system may be more extensive in IPH than in schistosomiasis japonica.
MODELS OF NON-CIRRHOTIC PORTAL HYPERTENSION (NCPH)
Chronic arsenic ingestion: Despite the establishment of an association of noncirrhotic portal fibrosis with drinking of arsenic-contaminated water in several districts of West Bengal, India, elucidation of the mechanism of this disorder has remained conjectural. Chronic arsenic toxicity is a form of hepatic fibrosis that causes portal hypertension, but does not progress to cirrhosis. Hepatotoxic effects of arsenic in humans have been reported (14, 26, 32, 34) . Injury to intrahepatic portal vein and even development of cirrhosis have been alleged to occur with prolonged usage of Fowler's solution containing sodium arsenite.
Sarin SK et al in 1999 produced a reproducible and homogenous murine model of hepatic fibrogenesis and fibrosis without significant hepatocellular necrosis and inflammation through chronic arsenic feeding (Table 2 ). In addition they investigated the fibrogenic potential of chronic ingestion of different dosages of arsenic in mice. The study pointed that fibrogenesis could be induced within six weeks by arsenic. There was relatively more fibrosis with extended arsenic exposure associated with increased hepatic collagen deposition much more than hydroxyproline levels (Table 3-4). This fact was also supported by the histopathological studies which showed that the fibrosis and collagen deposition was more at 6 months. This result was specially obtained with arsenic dosage of 120 ppm. The fibrogenesis and fibrosis produced with this dosage at 6 months was near maximum that could be produced by feeding arsenic to mice. The mortality rate with 120 ppm dosage was near to the ground. Higher dosages of arsenic given for a short period of 6 weeks did enhance collagen synthesis and deposition; but there was no dose dependent increase with prolonged exposure. The main conclusions of the study were: (i) prolonged oral arsenic ingestion in mice leads to significant hepatic fibrogenesis and collagen synthesis with minimal hepato-cellular injury;
(ii) arsenic ingestion alone is unlikely to cause noncirrhotic portal fibrosis or cirrhosis of liver. This murine model of arsenic feeding could be used for the evaluation of new antifibrotic agents for the liver. Guha Mazumdar et al described in a population from West Bengal that chronic arsenic toxicity leads to the development of hepatic fibrosis with portal hypertension in the absence of cirrhosis (12, 13) . The group also demonstrated for the first time hepatic fibrosis due to long-term arsenic toxicity in a murine model of NCPF. In this study the mice received drinking water contaminated with arsenic (3.2 mg/L) or arsenic-free (0.01 mg/L, control) ad libitum till 3, 6, 9, 12, and 15 months. The result demonstrated that after 12 months of arsenic feeding, the liver weights increased significantly consistent with raised ALT and AST (Table 5) . Arsenic feeding after 6 months showed significant decrease in hepatic glutathione and the enzymes glucose-6-phosphate dehydrogenase and glutathione peroxidase than the control group. Also, the plasma membrane Na + /K + ATPase activity was reduced while lipid peroxidation increased significantly after 6 months of arsenic feeding. Hepatic catalase activity was significantly reduced at 9 months in the arsenic-fed group, while glutathione-S-transferase and glutathione reductase activities were also significantly reduced at 12 and 15 months ( Table 6 ). Histopathology of the liver (Fig 1-5 ) remained normal for the initial 9 months, but showed fatty infiltration after 12 months of arsenic feeding. Fibrosis was only evident after 15 months. The main findings of the study were (i) long term arsenic toxicity produced hepatic fibrosis in murine model. (ii) Initial biochemical evidence of hepatic membrane damage, Indwelling cannula placed in gastrosplenic (27) probably due to reduction of glutathione and antioxidant enzymes, may be seen by 6 months. (iii) Continued arsenic feeding resulted in fatty liver with serum aminotransferase and alanine aminotransferase elevated at 12 months and hepatic fibrosis at 15 months.
Repeated immunosensitization by rabbit
splenic extract: A rabbit model of NCPF was developed by an intramuscular injection of splenic extract (15) . Six milligrams of the splenic protein thus prepared was mixed with Freund's complete adjuvant in a 1:1 ratio and injected intramuscularly into the experimental rabbits every 2weeks for 3 (27) months. The control group of animals was sensitized by normal saline mixed with Freund's complete adjuvant in an equal ratio in the same manner. This animal model showed significant splenomegaly at one (0.63±0. 19 The histological examination of the liver specimen from NCPF rabbits showed mild portal and lobular inflammation, along with Kupffer cell hyperplasia. The major histological changes observed in the spleen from NCPF rabbits were fibrocongestive sp lenomegaly, that is, medullary congestion, thick-walled vessels and hemosidrin-laden macrophages (Fig 6) . This study also proposes that repeated immunostimulation may have an important role in the pathogenesis of NCPF.
Repeated low dose endotoxinemia of portal circulation: Portal pyelephlebitis due to repeated abdominal infections and thrombosis in the portal circulation lead to obstruction of small and middle branches of portal vein and development of NCPF. Based on this hypothesis, Omanwar S et al (27) developed an animal model of NCPF by repeated low dose endotoxemia by injecting E. coli (heat killed) into the portal system of the animal through an indwelling cannula (placed in gastrosplenic vein) to understand the etiology and pathophysiology of this disease. Heat killed E. coli (LPS, 4 mg/kg b. wt) was injected through an indwelling cannula into the gastrosplenic vein (Fig 7) in pre-sensitized (1.5 mg E. coli protein/kg b. wt + Freund's complete adjuvant; 1:1 ratio; IM) rabbits. The control group of rabbits received normal saline in the same manner. The mean portal pressure in NCPF rabbits was significantly (p<0.05) higher compared to the control group at one (17.5 ± 3.4 Vs 10.4 ± 2.2 mmHg), three (17.8 ± 1.3 vs 7.2+3.6 mm Hg), and at 6 (19.8 ± 3.1 vs. 10.3 ± 4.8 mmHg) months. Similarly, the splenic weight in NCPF rabbits was significantly (p<0.05) greater than the control rabbits at one, three and six months. Absence of hepatic parenchymal injury and persistently elevated portal pressure makes this model ideal to investigate the vascular reactivity to various agents (Fig 8-9 ).
More recently, Sakhuja P et al (31) No significant inflammation or fibrosis was observed in the control group. The main conclusion of the study was that E.Coli induced portal hypertension is associated with obstructive venopathy in small portal veins, without accompanying fibrosis (31) .
